We retrospectively reviewed head MR images in a group of 330 adult patients (1 97 women and 1 33 men 20-88 years old) to establish the normal MR appearance of the clivus on 
Clival tumors were grossly hyperintense relative to the pens on T2-weighted images in 1 1 of 17 patients. In the remaining six patients, either a portion of or the entire lesion was isointense relative to the pens and, therefore, was not detectable on T2-weighted images. A normal adult clivus can enhance to some degree (19/83).
Clival tumors were found to enhance intensely. A clivus of very low signal intensity (signal void) on Tl-or T2-weighted images was always abnormal.
The clivus with marrow reconversion was uniformly hypointense relative to the pons on ti-weighted images and isointense relative to normal marrow on T2-weighted images. The intensity patterns of the normal clivus on Tl-and T2-weighted MR images change predictably with advancing age. Intensity patterns of abnormal clivi differ from those of normal clivi. When contrast material is used, normal and abnormal clivi generally show different patterns of enhancement. In the remaining 1 4 patients, the clival lesion was evaluated with axial or coronal T2-weighted images. All images were reviewed by at least three radiologists. The signal intensity of the clivus on Ti -weighted sagittal images consisted of relatively low-and high-signal-intensity portions. The low-signal-intensity portion was considered red marrow, while the high-signal-intensity portion was considered fatty marrow. The signal intensities of clival bone marrow were arbitrarily graded from i to 3: 1 = predominantly low signal intensity, occupying more than 50% of the clivus (Fig. 1) ; 2 = low-signal-intensity portion occupying less than 50% but greater than 20% of the clivus (Fig. 2) ; 3 = predominantly high signal intensity, with low signal intensity occupying less than 20% of the clivus (Fig. 3) . The percentages used for grading may not precisely reflect the true composition of the low-and high-intensity portions of the clival marrow since they were evaluated on single midline sagittal images only. However, the observation of a general trend of age-related changes in the composition of the clival marrow may still be possible given our use of a large sample (330 subjects).
In 83 patients from the control group and 12 patients from the pathologic group, MR images were obtained before and after administration of gadopentetate dimeglumine. Images were obtained in the Pre-and postinfusion MR scans were compared side by side. The window levels and widths of the images were constant for the pre-and postinfusion scans.
Results

Normal Adult Cilvus on Ti-Weighted Sagittal Images
The graded signal intensity of the clivus marrow in each age group is summarized in 
Normal Adult Clivus on T2-Weighted Sagittal Images
The signal intensity of normal adult clivus was equal (45/ 80) (Fig. 4) Low-intensity portion, occupying greater than 50% of total marrow space, is hyperintense relative to pens. Area of low signal intensity is less than 50% but greater than 20% of entire marrow space.
Low-signal-intensity area is hyperintense relative to pens. There are a few foci of bright signal intensity in low-signal-intensity portion. Red and yellow discrimination diminished markedly. (Fig. 5) . Enhancement was moderately intense in the remaining patient (5%) (Fig. 6) .
Abnormal Clivus
The signal intensity of the clivus was very low (signal void) in two patients with periclival meningioma on both Tiweighted (Fig. 7) and T2-weighted images. In the remaining 1 7 patients with tumor invasion of the clivus, the signal intensity on Ti -weighted images was focally or diffusely low, hypointense relative to the pons in 1 5 patients (Figs. 8-i 0) , and isointense relative to the pons in two patients.
No foci of bright-signal-intensity fatty marrow were seen within the lowsignal-intensity lesion in any of the patients with tumor invasion of the clivus. The signal intensity was uniformly low, hypointense relative to the pons, in two patients with yellowto-red marrow reconversion ( Fig. 1 1) . The marrow reconversion resulted from prior repeated chemotherapy.
The calvaria is bright also. and the upper cervical spine, visualized on the cranial midline Ti -weighted sagittal images, also showed diffuse loss of yellow marrow in these patients.
On T2-weighted images, lesions appeared as an area of homogeneously high intensity in three patients with chordoma, two with pituitary adenoma and one with nasopharyngeal carcinoma (Fig. 1 2) . In five of eight patients with metastasis to the clivus, lesions were hyperintense relative to the normal clivus. The signal intensity was mixed with areas of iso-and hyperintensity in two patients with lymphomatous infiltration of the clivus (Fig. 1 0) (Figs. 8 and 9 ). The reconverted clivus was mildly enhanced in one patient and moderately enhanced in the other (Fig. 1 1) .
Discussion
Okada et al. [1 1] , in their study of a group of normal children and young adults, demonstrated that signal from clival marrow was age-related and successively changed from uniformly low to uniformly high signal intensity on Ti -weighted images. By the age of 24 years, 95% of their patients had a clivus of uniformly high signal intensity. The rate of conversion was somewhat slower in our patients. The clivus was uniformly bright in only one third of our normal patients in the third decade. A clivus of very low signal intensity (signal void) was not observed on Ti -or T2-weighted images of our normal adult population. The signal void in the clivus with periclival meningioma is related to a sclerotic change of the marrow produced by tumor invasion (Fig. 7) . The signal intensity of the sclerotic bone is similar to that of compact bone, which has a very low spin density because of its low content of mobile protons.
Our results show that in 23% of adults, the normal clival marrow enhanced with gadopentetate-dimeglumine. The mechanism of enhancement of normal marrow is yet to be investigated.
We have observed small punctuate or curvilinear areas of low signal intensity within the marrow that enhance with contrast administration (Fig. 5) . (Fig. 9) . Enhancement of reconverted clival marrow was mild in one patient and moderate in the other (Fig. 1 i ) . The number of cases in our study was too small to define the characteristic enhancement pattern of reconverted clivus.
